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physiology. The role of
corticosteroid releasing factor in
regulation of amphibian
metamorphosis and mammalian
eclampsia provides precedent for
implication of a conserved
regulatory pathway that normally
regulates environmental response,
promoting disease under stressful
circumstances [11]. It is worth
wondering whether the molecules
that regulate thresholds in disease
more generally coordinate global
transcriptional switches as part of
normal physiological function.
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R287Chromatin Remodeling: RSC
Motors along the DNA
Single-molecule experiments show that the chromatin-remodeling
complex RSC, a member of the SNF2 ATPase family, induces formation
of a negatively supercoiled DNA loop by active translocation.Terence Strick and
Audrey Quessada-Vial
Chromatin remodeling complexes
such as RSC and SWI/SNF use
the energy of ATP hydrolysis to
modify nucleosome structure and
thereby regulate DNA function
(for a review see [1]). This could in
principle involve altering the
position or stability of
nucleosomes along DNA, for
instance via physical interaction
with the histone or even chemical
modification of its octamer
composition [2]. An oft-discussed
possibility is that chromatin-
remodeling complexes translocate
DNA, directly pushing
nucleosomes along, or off of, the
DNA, and perhaps even modifying
the underlying higher-order DNA
structure to further alter the binding
stability of the nucleosome [3,4].
This hypothesis is supported by
experimental work showing that
DNA structures, such as
supercoiling and looping, can be
induced by chromatin-remodelingcomplexes [3,5]. Understanding
how chromatin remodeling can
affect gene regulation would also
require additional insight into the
kinetics of the process: how
quickly can such changes be
generated, and how stable are
they? These questions are not
easily answered using classical
biochemical techniques, but new
experimental work using real-time
single-molecule DNA
nanomanipulation begins to
address these issues.
Lia et al. [6] have recently used
a magnetic-trap based single-
molecule DNA nanomanipulation
setup to study the interactions
between a single RSC complex and
a single, 3.6 kilobase linear DNA
molecule. Single-molecule DNA
nanomanipulation has gained
widespread interest for its
applicability to the real-time study
of protein–DNA interactions. By
attaching one end of a linear DNA
molecule to a glass coverslip and
the other end to a small magnetic
bead, the DNA can bemechanicallymanipulated — stretched and
twisted — by acting on the bead
with a magnetic tweezer. The
end-to-end extension of the
nanomanipulated DNA is
determined in real-time by
measuring the position of the
bead above the surface, and is
a robust metric for the
conformational state of the
DNA molecule.
Such single-molecule
techniques are particularly useful
for the study of DNA translocases,
enzymes which use the energy of
nucleotide hydrolysis to drive
themselves along the DNA in
a directional manner. Indeed,
whereas some translocases such
as RNA polymerase advance
base-by-base [7], rotate with the
DNA double-helix [8] and leave
behind an easily identifiable, easily
quantifiable biochemical product,
most translocases may in fact
couple their motion to DNA
structure in a nontrivial fashion
and not produce anything more
than ephemeral, physical
work — movement along DNA [9].
Using an appropriate
experimental geometry, enzyme
translocation can be simply
detected in real-time by
monitoring the resulting changes
in the nanomanipulated DNA’s
end-to-end extension.
When Lia et al. [6] placed the
nanomanipulated DNA in the
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ATP, they observed transient
shortenings in the length of the
molecule, corresponding to
ATP-fuelled translocation of
hundreds of base pairs through
a DNA-bound RSC complex and
the resulting formation of a DNA
loop. This implies that the RSC
complex has at least two DNA
binding sites: one which actually
remains fixed on the DNA, and the
other which translocates the DNA,
driving loop formation.
The authors found that loop sizes
were normally distributed with
a mean of about 500 base pairs
(about 110 nanometres), and even
kilobase-sized loops were
occasionally observed. Loop
extrusion was rapid, short-lived
and reversible: it typically took
place in a second or so, then
remained fixed for several seconds
before reversing either by abrupt
dissociation of the complex or
reverse translocation of the motor.
Loop length increased moderately
with increasing ATP
concentrations.
Low RSC concentrations and
nicked DNA were chosen to
ensure that the shortenings were
indeed due to a single RSC
complex translocating (and not
rotating) the DNA molecule. This
choice was confirmed by AFM
observations of a single RSC
complex inducing loop formation
on a single DNA in the presence of
ATP. Furthermore, gel analysis of
combined RSC/topoisomerase
reactions suggests these loops
are unconstrained and do not
result from stable wrapping of
DNA about the protein.
Lia et al. [6] also found that these
reversible shortenings were largely
dependent on the applied
stretching force: increasing the
force decreased the size of the
loops, such that no loop formation
could be detected against a force
of about 2 picoNewtons. Note that
the weak forces used here (from 0.1
to 2 picoNewtons) do not deform
the regular B-DNA structure of the
nanomanipulated molecule, and
are expected in vivo. Thus, the RSC
motor complex truly translocates
DNA, even despite a (moderate)
opposing mechanical force, and
this mechanical work is coupled to
a rate-limiting step of the enzymecycle (otherwise the reaction would
not be affected by changes in the
applied force).
By working with unnicked DNA
molecules to evaluate the effect
of DNA supercoiling on formation
of the loops, Lia et al. [6] also
analyzed how RSC causes DNA to
rotate as it is actively transported
through the complex. They
found that, during loop extrusion,
positive supercoils form in the
untranslocated portion of the DNA
and that, consequently, negative
supercoils are formed in the
translocated loop. Although this
means that DNA rotates in
a right-handed fashion through the
translocating portion of the RSC
complex, coupling between DNA
rotation and translocation is not
‘one-to-one’ for RSC. Unlike DNA-
groove-tracking proteins, such as
RNA polymerase [8] or the type I
restriction endonuclease EcoR124I
[10], which rotate the DNA a full
turn for every ten base-pairs
translocated, here the rate of DNA
rotation appears bounded between
twenty and fifty degrees for every
ten base-pairs translocated. This
suggests that the stepsize of RSC
along DNA is about twelve base
pairs (or multiples thereof). It is
noteworthy that similar behaviour
was observed with the bacterial
chromosome-partitioning complex
FtsK [9].
Surprisingly, although loop
length increased with ATP
concentration, the amount of
supercoiling built up in the looped
region appeared to decrease as the
ATP concentration increased. Lia
et al. [6] suggest this might be due
to torsional ‘slippage’ of the DNA
as it rotates through the enzyme:
as the motor velocity increases,
perhaps it cycles too quickly to fully
couple translocation and rotation,
allowing supercoils to ‘leak out’
of the loop. Furthermore, less
supercoiling was found in the
looped region formed on
a positively supercoiled DNA
template than that formed on
negatively supercoiled DNA;
because it is energetically
costlier to translocate positively
supercoiled DNA than negatively
supercoiled DNA, this could also
be a result of increased slippage
in conditions where loop growth
is less favourable.Using a single-molecule DNA
nanomanipulation technique, Lia
et al. [6] succeeded in
demonstrating that the RSC
chromatin-remodeling complex
can actively and reversibly
translocate DNA, causing
a negatively supercoiled loop
of DNA to form. This offers
experimental support for several
models according to which this
remodeler may act to reorganize
nucleosomes: they may indeed be
displaced by the passage of the
RSC complex, or they may be
destabilized by the transient
changes in topology and
mechanical strain of the DNA they
are associated with. These
experiments offer a tantalizing
vision of the way in which
chromatin remodelers work with
DNA. Although the reaction may
be different in the presence of
nucleosomes, the observation that
the BRG1 and Brm catalytic
subunits of human SWI/SNF
homlogs generate similar DNA
distortion as RSC points to
a common mechanism for
these ATP-fuelled molecular
machines.
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A recent study has explored the int
perception through the brain’s visu
influence of linguistic categories on
Mikhail Masharov and
Martin H. Fischer
One of the fundamental debates
in cognitive research is about the
extent to which our language
influences or constrains our
perception. Students of human
cognition usually encounter this
long-standing debate first in the
light of the radical proposal by
Benjamin Whorf that ‘‘we dissect
nature along lines laid down by
our native languages.’’ [1]. In its
strong version, this ‘Whorfian
hypothesis’ of linguistic
determination of cognition has
been refuted as we can perceive
objects and events that have no
corresponding words in our mental
lexicon. For example, New Guinea
aborigines discriminate the colours
green and blue even though they
have only one lexical entry to
describe both colours [2].
In its weaker form, however,
the proposal that language
influences our thinking — linguistic
relativity — has frequently been
resurrected. Studies of colour
perception [2,3], categorization
[4,5], and numerical cognition [6],
among many others, support this
view, while others do not [7,8]. The
Whorfian hypothesis has recently
received attention following the
report of limited numerical abilities
in Amazonian Indians whose
language includes only three
number words [9]. Contrary to the
Whorfian prediction, however, their
numerical performance with large
sets of objects was found to beDekker, C. (2004). Real-time observation
of DNA translocation by the type I
restriction modification enzyme EcoR124I.
Nat. Struct. Mol. Biol. 11, 838–843.
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erplay between language and
al pathways. The results suggest an
the speed of colour discrimination.
comparable to that of French
controls when more appropriate
tests were used [10,11].
The issue of making use of
appropriate testing methodologies
has plagued research into linguistic
relativity, with many results turning
out to be task-dependant [7,8].
Recent approaches with implicit
test measures have addressed this
concern and also allowed for
performance comparisons within
subjects, as opposed to the
traditional between-subjects
designs. For example, memory for
arbitrary object–name pairs, such
as ‘apple–Patricia’, is better when
the gender of the proper name is
congruent with the grammatical
gender of the object name than
when the two genders are
incongruent [4].
Gilbert et al. [12] have now
followed up on the idea of using
implicit test measures and added
a neuro-anatomical dimension to
the idea of linguistic relativity. The
authors tested the Whorfian
hypothesis by presenting different
visual information to the two brain
hemispheres of their participants.
Because of structural
characteristics of the visual
pathways in the brain, stimuli that
are presented on the right side of
the current point of eye fixation —
in the right visual field— are initially
projected to the left cerebral
hemisphere, while those presented
in the left half of the visual field are
projected to the right cerebral
hemisphere [13]. This contralateral
projection seems to apply to theCentre National de la Recherche
Scientifique and Universite´s de Paris VI
and Paris VII, 2 Place Jussieu, 75251
Paris Cedex 05, France.
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foveated stimuli [14], but it does not
generally lead to performance
asymmetries, because of frequent
eye-movements (two or three per
second) and rich inter-hemispheric
neural connections. There is,
however, a well-documented right
visual field advantage in
recognition of briefly presented
printed words, which is attributable
to the dominance of the left
hemisphere for language
processing [15]. By presenting
slightly different visual inputs to the
two hemispheres, Gilbert et al. [12]
were able to show that language
makes different contributions to
the perception of colour in the left
and right visual fields.
This new work was based on
a visual search task. Each of the
experiments was preceded by a
colour-naming test to select
right-handed participants who
exhibited categorical perception
of four colour patches with
equidistant hues — A, B, C and
D — by labelling them ‘green’,
‘green’, ‘blue’ and ‘blue’,
respectively. The main experiment
involved presenting, in each trial,
a circle of 12 colour patches
centered around the fixation point.
One patch was a different colour
than the rest, and participants
indicated with two buttons whether
this target was on the left or right
side of their fixation point.
Importantly, the target and
distractor patches both belonged
to either the same colour
category — pairings AB or CD;
within-category trials — or to
different categories — AC, AD, BC
or BD; between-category trials.
The authors compared search
speed for perceptual neighbours
AB, BC, and CD, asking whether
the pair BC would have an
advantage over the other pairings
because B and C are on different
sides of a linguistic category
boundary.
